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(57) An apparatus for illuminating an upper surface 
of articles in a system for conveying articles on a con- 
veyor in a direction of travel under a camera comprising: 

an elongated light source (20) positioned alongside 
said conveyor, with a longitudinal axis of said light 
source forming an angle from the horizontal; 

said light source (20) including a lamp (40) and an 
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elongated reflector (438) positioned to reflect light 
from said light source (20) toward articles on a con- 
veyor; 

and said reflector (438) being part of an cone- 
shaped figure (401 ) having a first focal axis approx- 
imately colinear with said lamp, and a second ap- 
proximately horizontal focal axis adjacent to said 
conveyor. 
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Description 

Teciinical Field 

[0001] The present invention relates to camera iight- 
ing systems, and more particularly relates to an appa- 
ratus and method for illuminating articles moving be- 
neath a camera on a conveyor belt. 

Baclcground Art 

[0002] Automatic conveyor systems have been devel- 
oped for handling and sorting articles, such as parcels 
or components of manufactured goods. The articles 
bear identifying indicia, for example, bar codes, dense 
two-dimensional symbols, and text suitable for optical 
character recognition. An overhead linear CCD (Charge 
Coupled Device) camera can capture narrow images of 
a field of view across a "scan line" that is very short in 
the direction of conveyor travel, but extends across the 
conveyor. A computer receiving the output of the cam- 
era can build from these linear Images a full digital image 
of a parcel or a label passing under the camera. When 
the articles have varying heights, the camera can take 
an image anywhere in a "scan plane" projected down- 
ward from the camera to the scan line. 
[0003] Prior illumination systems have produced an 
intensive strip of light along the scan line by using ellip- 
tical cylinders as reflectors behind an elongated tubular 
lamp. The lamp lies along one focal axis of the ellipse, 
while the surface to be illuminated lies near the other 
focal axis. The light source may be Inclined about the 
axis of the scan line so as not to obstruct the camera's 
field of view. Generally, the region of focused bright illu- 
mination is not vertically deep within the scan plane, and 
thus the efficacy of this configuration is limited when the 
articles passing beneath the camera vary widely in 
height, 

[0004] Such an illumination system seeks to direct 
enough light reflected from the subject article to the 
camera to obtain a sharp image, without blinding the 
camera with glare. Thus, the light sources should pro- 
vide a large amount of diffuse reflection to the camera, 
but no specular reflection. However, articles with shiny 
upper surfaces present a particular challenge. If the an- 
gle of inclination of the light source about the scan line 
is small, the camera may be blinded by glare reflected 
from glossy packages or from plastic protectors used to 
protect paper labels. If the angle of inclination Is targe, 
tall articles may cast shadows onto leading or trailing 
articles when they are under the camera. At an optimum 
angle close to forty-five degrees, the light source can 
cover only a relatively small depth vertically in the scan 
plane, because elliptical reflectors cast a narrow beam 
transverse to the length of the reflector. One prior sys- 
tem provides an unsymmetrical elliptical reflector to illu- 
minate a vertical region in the scan plane, but this ap- 
proach does not solve all the problems noted above. 



[0005] Patents disclosing Illumination systems in- 
clude U.S. Patents: 
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[0006] There is a need in the art for an illumination 
system capable of providing adequate diffuse light to an 
15 overhead camera, reflected from a vertical region suffi- 
cient to accommodate a range of article heights. The 
illumination system should avoid reflecting glare to the 
camera, and should direct light so that tall articles do 
not cast shadows into the illuminated region. 

20 

Summary of the Invention 

[0007] The present invention seeks to provide a sys- 
tem and method for illuminating a surface of an article 

25 being imaged by a camera so as to reflect diffuse light 
to the camera from articles of varying heights. 
[0008] In accordance with the invention, this object is 
accomplished in an illumination system by providing an 
apparatus for illuminating a surface of an article being 

30 imaged by a camera, comprising an elongated light 
source angled with respect to the surface of the article 
and positioned alongside the article to direct light toward 
the surface; and a light directing device positioned to 
receive light from the light source and to direct the light 

35 toward the surface at an angle equal to or greater than 
forty degrees from an optical axis of the camera. By con- 
straining essentially all of the light rays to angles 40 de- 
grees or more from the optical axis of the camera, the 
system avoids a level of specular reflection or glare that 

40 would deteriorate the image ^f symbols or text on the 
surtace of the articles to the extent of preventing reliable 
decoding or reading of such symbols or text. When the 
Invention is incorporated in a conveyor system in which 
the articles are moved on a conveyor, the light source 

45 is positioned alongside the conveyor to direct light an- 
gled downwardly and from the side of the conveyor The 
light directed by the light directing device fonris an illu- 
minated strip on an upper surtace of the articles trans- 
verse to their direction of travel. 

50 [0009] In one embodiment of the invention, the light 
source is an elongated lamp and an elongated reflector 
positioned to reflect light from the lamp toward the arti- 
cles, and the light directing device is a Fresnel lens. 
Preferably, the Fresnel lens has an optical axis tijat is 

55 offset from an axis of symmetry of the light source. To 
avoid specular reflection into the camera, the Fresnel 
lens bends light from the light source to a larger angle 
with respect to the optical axis of the camera. The optical 
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axis of the lens is offset from the axis of symmetry of the 
light source away from the article along the direction of 
the optical axis of the camera to more efficiently illumi- 
nate both short and tall articles. A barrier, such as a 
housing surrounding the light directing device, may be 
used to block light from the light source except light 
passing through the light directing device. 
[001 0] The invention also provides an automatic con- 
veyor system in which the longitudinal axis of the lamp 
is approximately perpendicular to the path of travel of 
articles along the conveyor. The reflector preferably Is 
an elliptical surface and the lamp lies along a first focal 
axis of the elongated reflector. The second focal axis of 
the reflector preferably lies a distance beneath the con- 
veyor. In the prefenred embodiment, the Fresnel lens is 
positioned a distance from the lamp from about 1/4 to 
about 1/2 times the focal length of the Fresnel lens and 
a distance from a central axis of the conveyor approxi- 
mately equal to 1 to 2 times the focal length of the Fres- 
nel lens, and the optical axis of the Fresnel lens is offset 
from the axis of symmetry of the reflector by a distance 
from about 0.5 to 1 times the length of the lamp filament. 
[0011] In a preferred embodiment, the illumination 
system includes a plurality of Illumination assemblies, 
including light sources and light directing devices, posi- 
tioned to provide light to the illuminated region of the 
camera's scan plane. Optimally, four such assemblies 
are provided, the first and second assemblies on one 
side of the conveyor, one above the other, and the third 
and fourth assemblies on the opposite side of the con- 
veyor one above the other. When only one illumination 
assembly is present, preferably its symmetry plane sub- 
stantially coincides with the camera's scan plane. When 
a plurality of illumination assemblies are used, they may 
be aligned with the camera's scan plane to maximize 
illumination. Optionally, they may be positioned with 
their symmetry planes slightly mis-aligned to create a 
thickness in the illuminated region spanning the scan 
plane, and thus in the illuminated strip on the surface of 
the article. 

[001 2] In preferred embodiments of the invention, the 
lamps, reflectors, tenses, and ban^iers are selected, as- 
sembled and oriented such that the articles are illumi- 
nated from the side of the conveyor, such that essen- 
tially all of the light exiting the lens is aligned at an angle 
equal to or greater than forty-five degrees from the op- 
tical axis of the camera, and such that diffuse reflection 
but essentially no specular reflection from the artrcles 
reaches the camera. Because the light sources are to 
the side of the conveyor, tall articles cannot cast shad- 
ows on leading or trailing articles. The preferred ar- 
rangement of multiple light sources illuminates a deep 
region of the scan plane without the need to position any 
light source so high as to create glare into the camera. 
[0013] The present invention also provides a method 
for illuminating articles moving on a conveyor in a direc- 
tion of travel under a camera, comprising the steps of 
directing a beam of light from the side of the conveyor 



at a downward angle toward the articles; and collimating 
the beam to direct the light at an angle equal to or greater 
than forty degrees from an optical axis of the camera 
and to fonn an illuminated strip on an upper surface of 
5 the articles transverse to the direction of travel. 

[0014] In an alternative embodiment, a pair of addi- 
tional illumination assemblies may be installed within 
the footprint of the camera's field of view, if necessary 
for tall articles. In another altemative configuration for 
10 any of the above embodiments, the reflector of the tight 
source may be part of a cone-shaped figure, rather than 
part of a cylinder. As a result, the lamp is inclined with 
respect to the second focal axis of the reflector. This 
configuration allows the light to be focused parallel to 
15 the scan line despite the inclination of the lamp. 

[001 5] In another alternative embodiment, the light di- 
recting device can be a set of multiple apertures fomning 
narrow slots across the reflector, under the lamp and 
perpendicular to the filament axis. Reflective and diffus- 
ing surfaces within the slots are configured to avert di- 
rect illumination of the articles by beams having an angle 
of incidence less than forty degrees from the camera's 
optical axis, and to create useful diffuse light from un- 
desirable direct light beams. 

Brief Description of the Drawings 

[0016] 

FIG. 1 is a perspective view of a conveyor system 
Including an illumination apparatus embodying the 
present invention. 

FIG. 2 is an exploded pictorial view of an illumina- 
tion assembly including cooling systems for the lens 
and for the lamp. 

FIG. 2B is a diagrammatic plan view of the interior 
of the illumination assembly of FIG. 2. 
FIG. 3 Is a diagrammatic exploded view of the com- 
ponents of the illumination assembly and their rela- 
tion to the camera. 

FIG. 4 is diagrammatic top view of the light source 
and its relation to an article being imaged. 
FIG. 5 is a diagrammatic partial front view of a con- 
veyor system with two illumination assemblies 
shown on one side of the conveyor. 
FIG. 6 is a front view of a Fresnel lens for use with 
the present invention. 

FIG. 7 is a diagrammatic, enlarged, partial side view 
of an illumination assembly showing the refractive 
function of the Fresnel lens. 
FIG. 8 is a diagrammatic front view of another em- 
bodiment of the invention incorporating an altema- 
tive light directing device. 
FIG. 9 is a detailed diagrammatic view of the light 
directing device and light source of Fig. 8. 
FIG. 1 0 is a diagrammatic view of an alternative re- 
flector for use with vertical lamp filaments. 
FIG. 11 is a diagrammatk: view of an alternative 
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cone-shaped reflector configured to compensate 
for a tilted lamp. 

FIG. 12 is a perspective view showing positioning 
of additional illumination assemblies in another em- 
bodiment of the Invention. 
FIG. 1 3 is a side view of the embodiment of Fig. 1 2. 

Detailed Description 

[0017] Referring now in more detail to the drawings, 
in which like numerals refer to like parts throughout the 
several views, Fig. 1 shows a conveyor system 10 in- 
cluding an illumination apparatus 11 embodying the 
present invention. The conveyor system 10 includes a 
conveyor belt 1 2 that travels in the direction of the arrow 
T on a conveyor bed 14, and an imaging station 15 that 
includes the illumination apparatus 11. In the imaging 
station, a superstructure 1 7 straddles the conveyor belt 
12 and supports a camera 18 having an optical axis D- 
D directed vertically down to the conveyor belt. 
[001 8] The camera 1 8 preferably is a linear CCD cam- 
era. The field of view of the camera has a width encom- 
passing the width of the conveyor belt 12, and a length 
or thickness In the direction of travel T, for example 
0.00535 inch (0.013589 cm). The camera scans a nar- 
row strip (scan line SL) across the width of the conveyor 
belt 12 or across the upper surface of an article moving 
with the conveyor belt. Such a camera system is de- 
scribed in U.S. Patent 5,308,960. The camera prefera- 
bly has a long depth of focus or an automatic focusing 
apparatus, such as described In U.S. Patent 5,245,172 
or U.S. Patent 5,485,263. As shown In Fig. 5, the articles 
traveling on the conveyor may be parcels, such as par- 
cel 1 00 carrying a label 1 1 0 containing optically encoded 
symbols (for example, bar codes or two-dimensional 
dense codes such as the MaxiCode® symbol) or ma- 
chine-readable text suitable for optical character recog- 
nition (OCR). The parcel will pass through the scan 
plane (projected vertically above the scan line) at a 
height determined by the height of the parcel. The illu- 
mination apparatus 1 1 must adequately illuminate the 
label 1 1 0 in the region SL spanning the scan line (shown 
in dotted outline on the conveyor in Fig. 1 ) regardless of 
whether the parcel is a flat envelope or the tallest parcel 
acceptable in the conveyor system 1 0. The term "article" 
used herein means an object or a label attached to an 
object. 

[0019] In a known manner, the camera 18 acquires 
linear images of small strips within its field of view and 
assembles them In a computer memory to fomn a two- 
dimensional digital Image of the top of the parcel 100 
including the label 110. Computer software also known 
in the art then analyzes the image to locate and decode 
symbols and text in the Image to assist in recognition 
and sorting of the parcel 100. The conveyor system 10 
can also be used for processing components of manu- 
factured goods or other articles carrying Identifying in- 
dicia or having a shape discemable in an image. 



[0020] The illumination apparatus 1 1 includes at least 
one lighting module 20. In the system shown in Fig. 1, 
four lighting modules 20a-20d illuminate the region SL. 
An upper left module 20a and a lower left module 20b 

5 are mounted In a left hood 22a attached to the super- 
structure 17 on the left side of the conveyor belt 12, as 
viewed in Fig. 1 . An upper right module 20c and a lower 
right module 20d are mounted in a right hood 22b at- 
tached to the superstructure 17 on the right side of the 

10 conveyor belt 12. Each lighting module 20 is contained 
In a housing 27 that is secured at no less than about a 
forty degree angle with respect to the camera's optical 
axis D-D, and preferably at about a forty-five degree 
angle. The lighting modules and hoods are mounted 

15 alongside the conveyor, that is, substantially outside the 
footprint of the camera's field of view. 
[0021] As shown in more detail In Fig. 2, the housing 
27 defines a light chamber 29, a lens chamber 30 be- 
tween the light chamber 29 and the conveyor belt 12, 

20 and a heat exchange chamber 32 adjacent to the lens 
chamber. At the boundary between the lens chamber 30 
and the lighting chamber 29, the lighting chamber is en- 
closed by a glass plate 42. The light chamber 29 in- 
cludes a plurality of spaced-apart struts 34 each defining 

25 an elliptical edge 35 facing the lens chamber 30. An el- 
liptical reflector 38 fits against the edges 35 and fills the 
cross-section of the light chamber 29. At a first focal axis 
of the elliptical reflector 38, an elongated sodium lamp 
40 is mounted within the lighting chamber. The reflector 

30 preferably is about 1 0-15 inches (about 25-38 cm) long, 
and the distance between the elliptical focal axes is 
about 63 Inches (about 160 cm). The length a of the 
lamp 40 preferably is about 5 inches (about 12.7 cm). 
The reflector 38 is positioned, and its curvature select- 

35 ed, so that a second focal axis of the reflector preferably 
is about one Inch (about 2.5 cm) below the conveyor belt 
12. These parameters may be varied to suit different 
conveyor systems and different types or sizes of articles 
expected to be processed. 

40 [0022] A Fresnel lens 45 encloses the end of the lens 
chamber 30 opposite the glass plate 42. The chamber 
30 preferably is empty, its walls providing a bamer to 
allow light from the lamp 40 and the reflector 38 to pass 
toward the conveyor 12 only through the lens 45. Acrylic 

45 plastic Fresnel lenses are commercially available hav- 
ing a 35 inch (89 cm) diameter and 30 inch (76 cm) focal 
length f . The lens 45 may be cut to fit the opening of the 
lens chamber 30, preferably about 8 inches (about 20.3 
cm) wide by about 1 8 inches (about 45.7cm) long. How- 

50 ever, the lens is cut to fit the opening with the optical 
axis of the lens offset from the center of the chamber, 
as shown In Fig. 6. Preferably, the optical axis Is approx- 
imately centered on the width of the chamber 30, but 
offset from the center along the length of the chamber 

55 a distance b from about 0.5 to 1 times the length of the 
lamp 40. In the prefen-ed lighting assembly, the lamp 40 
is about 5 inches (about 12.7 cm) long and the optical 
axis of the lens 45 is offset about 4 inches (about 10.2 
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cm). As best shown in Fig. 3, the depth of the lens cham- 
ber 30 is selected so that the distance r from the lamp 
40 to the lens 45 is between about one-quarter and one- 
half the focal length of the lens 45. When the focal length 
f is 30 inches (76 cm), the distance r preferably is about 
8 inches (about 20 cm). 

[0023] The refraction of the light from the lamp 40 by 
a portion of the Fresnel lens 45 is shown diagrammati- 
cally in Fig. 7. An example ray flg emanating from the 
lamp Is shown reflecting from the reflector 38 along a 
path (shown in dashed line) that would reflect specularly 
from an article on the conveyor to the camera 1 8. How- 
ever, the triangular rib of the Fresnel lens 45 bends the 
ray to a path Rq that makes an angle ^ of at least 40 
degrees with the optical axis D-D of the camera 18. 
Thus, the rays Rq projected by the lens 45 toward the 
article on the conveyor will create diffuse reflection to 
the camera, not glare. Of course, light passing directly 
from the lamp to the lens is refracted similarly 
[0024] The preferred configuration of the light source 
and light directing device with respect to the conveyor 
12 is shown diagrammaticalty In Figs. 3 and 4. A parcel 
100 is shown on the conveyor 12. The axis of symmetry 
C--D of the reflector 38 makes an angle of about 45 de- 
grees with the optical axis D--D of the camera 18. The 
lamp 40 lies along the first focal axis A-A of the reflector 
38. The Fresnel lens 45 is spaced a distance r in front 
of the lamp, with its optical axis F-F parallel to but offset 
from the axis C-D by a distance b in a direction (along 
the camera axis D--D) away from the parcel 1 00. The 
lens 45 is positioned a distance s away from the scan 
line SL on the conveyor belt 12, the distance s being 
between about the focal length f and twice the focal 
length f. The second focal axis B-B of the elliptical re- 
flector 38 preferably falls slightly below theconveyor belt 
as shown in phantom in Fig. 4. 
[0025] Fig. 5 shows, diagrammatically in cross sec- 
tion at the scan line SL, the preferred configuration of 
the illumination apparatus 11, looking back along the 
path of travel of the conveyor belt 12. The arrows R in- 
dicate the path of rays of light from the lamps 40 and the 
reflectors 38 of the lighting modules 20c and 20d on one 
side of the conveyor, the other side of the conveyor be- 
ing substantially a min'or image. As shown, alt the illu- 
minating rays make an angle (j) of 40 degrees or more, 
and preferably 45 degrees or more, with the optical axis 
D-D of the camera 18. This configuration provides ad- 
equate diffuse illumination to the camera for a sharp im- 
age, while avoiding specular reflection. 
[0026] Returning to Fig. 2, the housing 27 contains 
two cooling systems, one for the lamp 40, and the other 
for the lens 45, which would othenwise melt in a short 
time. In the light chamber 29, a pair of heat exchange 
tubes 47 extend through the struts 34 on either side of 
the convex surface of the reflector 38. The tubes 47, 
made of a high heat conductivity material such as cop- 
per, are open to the outside air at one end of the cham- 
ber 29. and terminate at a thin plenum 48 at the other 



end of the chamber. The plenum 48 has a pair of open- 
ings 50 that communicate only with the open ends of the 
tubes 47. A fan 49 pressurizes the plenum 48 to force 
cooling air through the tubes. Heat generated by the 

5 lamp 40 travels through the reflector into the light cham- 
ber 29 surrounding the tubes, and then through the walls 
of the tubes into the cooler air passing through the tubes. 
[0027] A recirculating air system cools the lens 45. 
Another fan 51 is mounted in the heat exchange cham- 

10 ber 32 adjacent to an inlet opening 52 connecting the 
chamber 32 to the lens chamber 30. The fan 51 is 
mounted at an angle to direct air downwardly onto the 
lens 45. The air sweeps around the chamber 30, cooling 
the lens 45, and is exhausted by a similarly tilted fan 54 

15 through an outlet opening 55 at the opposite end of the 
chamber 30. A plurality of heat exchange tubes 57 ex- 
tend across the chamber 32 at its end opposite the lens 
chamber 30. The tubes 57, made of a high heat conduc- 
tivity material such as copper, are open to the outside 

20 air at one end of the chamber 32, and temiinate at a thin 
plenum 59 at the other end of the chamber. A fan 60 
pressurizes the plenum 59 to force cooling air through 
the tubes 57. The air exhausted from the lens chamber 
30 by the fan 54 sweeps around the chamber 32 and 

25 over the heat exchange tubes 57, transfen^ing heat to 
the cooler air flowing within the tubes. The fan 51 then 
forces the cooler air back across the lens 45. If desired, 
appropriate baffles can be positioned in the lens and 
heat exchange chambers to direct the flow of reclrculat- 

30 ing air. 

[0028] The recirculating air cooling systems with heat 
exchangers are enclosed to prevent dust from contact- 
ing the optics. 

[0029] In operation, the illumination apparatus 11 

35 projects light from the sides of the conveyor belt 1 2 as 
a parcel 100 or other article travels under the imaging 
station 15. With the lamp 40, reflector 38, and lens 45 
configured within the limits described above, light shin- 
ing on the parcel is angled at 40 degrees or more from 

40 the camera's optical axis. As shown in Figs. 1 and 5, the 
projected light illuminates a region across the conveyor 
including the scan line SL of the camera 1 8 and extend- 
ing above the conveyor as high as the highest expected 
parcel. As the parcel passes through the illuminated re- 

45 gion, diffuse light reflected from the parcel, and particu- 
larly from a label 1 1 0 bearing optically encoded symbols 
and sometimes machine-readable text, reaches the 
camera 1 8. Specular reflection is directed away from the 
camera, avoiding glare. The camera acquires a series 

50 of narrow images, which its processor builds into a dig- 
ital image of the entire field of view. Software known in 
' the art can analyze the image to find symbols and text 
blocks, and then to decode the infonnation on the label. 
During operation of the lamp 40, the cooling systems 

55 shown in Fig. 2 protect the lens from overheating. 
[0030] Fig. 8 shows a second embodiment of an illu- 
mination apparatus 211 according to the present inven- 
tion, incorporating an alternative light directing device. 
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Two different height parcels 100 are shown on the con- 
veyor belt 12. They are illuminated by two lighting mod- 
ules 220a and 220b, which are similar to the modules 
20 of the first embodiment, except that the Fresnel lens 
is replaced by a set of baffle plates 245, shown In detail 
in Fig. 9. A plurality of parallel baffle plates 248 are po- 
sitioned perpendicular to the lamp 40 and parallel to the 
axis of symmetry of the reflector 38. Preferably, each 
module has twelve baffle plates extending about 8 inch- 
es (20 cm) parallel to the axis of symmetry of the reflec- 
tor, and positioned about 0.75 inch (1.9 cm) apart, to 
fonm a series of slots for receiving light directly from the 
lamp and also reflected from the reflector. The plate sur- 
face on one side of each slot is a completely specular 
or mirror-like surface 252. In the configuration shown in 
Fig. 8, the fully specular surface 252 of each plate 248 
faces slanted upwardly with respect to the camera's op- 
tical axis D-D, as a result of the tilting of the light source. 
The other, downwardly facing surface is divided into two 
parts on either side of a midpoint 260, a specular portion 

253 nearest to the lamp 40, and a diffuse portion 254. 
The portion 254 may be made Irregular in a manner 
known in the art so that light reflects diffusely from the 
surface. 

[0031] In Fig. 9, the first two slots are shown being 
traversed by beams leaving the lamp and the reflec- 
tor at angles of +5 and -5 degrees. These beams pass 
through the slot without touching the plates, and will 
reach a target parcel or other article at angles of 40 and 
50 degrees, respectively, as a result of the tilting of the 
light source. The next two slots show beams leaving 
the lamp and the reflector at angles of +1 0 and -1 0 de- 
grees. These beams hit the plates 248 defining the slot 
near their outer edges. The lower specular surface 252 
reflects a 10 degree beam and redirects it toward the 
parcel at a 55 degree angle. The upper diffuse surface 

254 spreads a 10 degree beam diffusely on the parcel. 
The next two slots show beams leaving the lamp and 
the reflector at angles of +20 and -20 degrees. These 
beams will undergo at least two reflections within a slot. 
Any beam that would undergo a specular reflection aim- 
ing it at the parcel at an undesirable angle (greater than 
40 degrees) will undergo a diffuse reflection before ex- 
iting the slot. Beams of light that pass above the plate 
set 245 are at angles 0 equal to or greater than 40 de- 
grees to the camera optical axis. 

[0032] While the embodiment of Figs. 8 and 9 is ef- 
fective, the first embodiment using a Fresnel lens is 
more efficient in use of light energy output by the lamps. 
[0033] Some high intensity lamps useful for illuminat- 
ing articles work only in a horizontal or vertical position, 
so the lamp itself cannot be tilted. Fig. 1 0 shows a light- 
ing module 320 including a lamp 40 in a vertical config- 
uration flanked by a set of plates 248 angled at 45 de- 
grees toward the target article. An elliptical reflector 338 
defines rib-like segments having an angle of Inclination 
of 22.5 degrees to the lamp axis. Light from the lamp 
that strikes these angle segments is reflected into the 



slots fomned by the plates 248. Thus, the light from the 
vertical lamp is directed into the light directing device, 
which operates in the manner described above in con- 
nection with Figs. 8 and 9. It will be apparent that the 
5 same approach can be used to fomri a ribbed reflector 
that can direct light from a horizontal lamp into the light 
directing device, and that these embodiments can be 
used on both sides of a conveyor belt. 
[0034] An alternative shape for any of the reflectors 
10 described above is shown in Fig. 11 . In this embodiment, 
the elliptical reflector 438 is part of a cone-shaped figure 
401 , rather than part of a cylinder as is the reflector 38 
shown in Fig. 4. As a result, the lamp 40 lying along the 
first focal axis F1 ~F3 is inclined with respect to the see- 
's ond focal axis F2--F4. This configuration allows the light 
to be focused parallel to the scan line SL despite the 
inclination of the lamp. 

[0035] In some circumstances it may be necessary to 
originate illumination from within the footprint of the 

20 camera's field of view to illuminate tall articles. In such 
a case the preferred configuration is shown in Fig. 12 
and Fig. 13, looking from the side of the conveyor 12. 
Two additional lighting modules 20e and 20f are in- 
stalled, one on each side of the centerline of the con- 

25 veyor, but inside the lateral position of the modules 20a 
and 20c. The reflectors 538 and 539 of the modules 20e 
and 20f are angled laterally outwardly at about 45 de- 
grees from the camera optbal axis, like the other reflec- 
tors 38. However, the reflectors 538 and 539 also are 

30 angled by relatively small angles a and y out of the scan 
plane. Preferably, the angle a is about 15 degrees be- 
hind the scan plane, and the angle y is about 20 degrees 
ahead of the scan plane. The reflector 538 is focused at 
secondary axis F538, farther below the conveyor belt 

35 12 than the secondary axis F539 or the reflector 539. 
Thus, each reflector 538, 539 illuminates a certain area 
of height span above the scan line. 
[0036] From the foregoing description, it can be seen 
that the present invention provides illumination to an 

40 overhead imaging camera by reflecting diffuse light to 
the camera from artrcles of varying heights. The main 
embodiments of the invention have the advantage of 
originating the light rays from outside the footprint of the 
field of view of the camera. By constraining essentially 

45 all of the light rays to angles 40 degrees or more from 
the optical axis of the camera, the system avoids a level 
of specular reflection or glare that would deteriorate the 
image of symbols or text on the surface of the articles. 
Furthenmore, the invention makes novel use of Fresnel 

so lenses to collimate and control the light rays, providing 
diffuse illumination with minimum loss of light energy. 
[0037] While this invention has been described in de- 
tail with particular reference to preferred embodiments 
thereof, it will be understood that modifications and var- 

55 iations may be made without departing from the scope 
of the invention as defined in the appended claims. 
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Claims 

1. In a system for conveying articles on a conveyor in 
a direction of travel under a camera, an apparatus 
for illuminating an upper surface of said articles, 
comprising: 

an elongated light source (20) positioned 
alongside said conveyor, with a longitudinal ax- 
is of said light source fomrilng an angle from the 
horizontal; 

said light source (20) including a lamp (40) and 
an elongated reflector (438) positioned to re- 
flect light from said light source (20) toward ar- 
ticles on a conveyor; and 
said reflector (438) being part of a cone-shaped 
figure (401) having a first focal axis approxi- 
mately colinear with said lamp, and a second 
approximately horizontal focal axis adjacent to 
said conveyor. 

2. The system of claim 1 wherein said first focal axis 
is approximately colinear with said lamp (40). 

3. The system of claim 1 wherein said second focal 
axis is approximately horizontal. 

4. The system of claim 1 wherein a longitudinal axis 
of said elongated light source forms an angle from 
the horizontal. 

5. The system of claim 4 wherein said longitudinal axis 
of said light source is approximately perpendicular 

to said direction of travel. 

6. The system of claim 1 wherein said elongated light 
source and said reflector (438) comprise a first illu- 
mination assembly (20b,20d) and further compris- 
ing a second illumination assembly (20a,20c) posi- 
tioned alongside said conveyor (12) above said first 
illumination assembly (20b,20d), wherein said sec- 
ond illumination assembly (20a,20c) has substan- 
tially the same structure as said first illumination as- 
sembly (20b,20d). 

7. The system of claim 6, further comprising a third 
(20a-20d) and a fourth illumination assembly (20a- 
20d) positioned above one another, across said 
conveyor (12) from said first and second illumina- 
tion assemblies (20a-20d), wherein said third illu- 
mination assembly (20a-20d) and said fourth illumi- 
nation assembly (20a-20d) have substantially the 
same structure as said first illumination assembly 
(20a-d). 

8. The system of claim 1 , wherein said elongated light 
source and said reflector (438) comprises a first il- 
lumination assembly (20a-d) and further comprising 



a second illumination assembly (20a-d) positioned 
across said conveyor ( 1 2) from said first illumination 
assembly (20a-d), wherein said second illumination 
assembly (20a-d) has substantially the same struc- 
5 ture as said first illumination assembly (20a-d). 

9. The system of claim 1 . wherein said lamp (40) and 
said reflector (438) are selected, assembled and 
oriented such that articles (100) are illuminated 

10 from the side of said conveyor (12), and such that 
essentially all of the light exiting said reflector (438) 
is aligned at an angle equal to or greater than forty- 
five degrees from an optical axis of said camera 
(18), and such that diffuse reflection but essentially 

15 no specular reflection from said articles (100) of 
light from said light source reaches said camera 
(18). 

10. The system of claim 1 , wherein said light reflected 
20 by said reflector (438) fonms an illuminated strip on 

an upper surface of said articles (100) transverse 
to said direction of travel. 

11. The system of claim 10 wherein said illuminated 
strip is substantially parallel to a scan line, said scan 
line being associated with said camera (18). 

12. The system of claim 1 , said apparatus further com- 
prising a light directing device that is configured to 
collimate light, said light directing device being po- 
sitioned between said light source and said convey- 
or (12) to receive light from said light source and to 
direct light toward articles (100) on said conveyor 
(12) at an angle equal to or greater than forty de- 
grees from an optical axis of said camera (18). 

13. The system of claim 1 wherein said lamp (40) is in- 
clined with respect to the second focal axis of said 
reflector (438). 
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